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5 Field of the Invention 

The present invention relates to a method for forming a micro-mechanical 
component in a semiconductor wafer, and |n particular to such a method for forming 
a micro-mechanical component wherein the risk of rupturing or deforming the micro- 
mechanical component or a part thereof is minimised. The invention also relates to 
10 a semiconductor wafer having a micro-mechanical component formed therein. 

Background to the Invention 

Semiconductor wafers comprising micro-mechanical components, for example, 
micro-mirrors, are known. The micro-mechanical components are formed in a 

15 membrane layer, and where the micro-mechanical components are micro-mirrors, 
the micro-mirrors are of thickness similar to the depth of the membrane layer. In 
order to minimise the mass of the micro-mirrors, and in turn, the drive voltage 
required for tilting the micro-mirrors, the micro-mirrors should be relatively thin, and 
typically, of thickness in the range of 3p,m to lOjim, and preferably, closer to 3\n\ for 

20 minimising the drive voltage required to tilt the micro-mirrors. Thus, the membrane 
layer in which the micro-mirrors are to be formed should be of depth similar to the 
desired thickness of the micro-mirrors, and thus, in the range of 3p,m to lOjim, and 
preferably, in the order of 3|im. 

25 The rnembrane layer is supported on a handle layer, and in general, a buried 
insulating layer is disposed between the handle layer and the membrane layer. 
Generally, both the handle layer and the membrane layer are of silicon, and the 
buried insulating layer is an oxide layer. The oxide layer may be formed on either 
the handle layer or the membrane layer and laminated to the other of the handle 

30 layer and the membrane layer by a suitable bonding process. The buried oxide layer 
may be either grown, or may be deposited by, for example, chemical vapour 
deposition. After the membrane layer and the handle layer have been laminated 
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together with the buried oxide layer disposed between the respective layers, the 
membrane layer is machined to the desired depth, which as mentioned above is 
typically in the range of 3ijn to 10jin. The handle layer typically is of depth in the 
range of 300|jn to 400jjn while the buried oxide layer is of depth typically less than 
5 500nm. 

After lamination and machining of the membrane layer and the handle layer, a 
photo-resist layer is deposited on the exposed surface of the membrane layer, which 
is patterned to define the micro-mechanical components. The membrane layer is 

10 etched to form a plurality of trenches which extend through the membrane layer to 
^ the buried oxide layer for defining the micro-mechanical components. Where the 
micro-mechanical components are micro-mirrors, two arcuate trenches are typically 
formed to define each micro-mirror. The two trenches together define the micro- 
mirror and a pair of tethers. The tethers extend between the membrane layer and 

15 the micro-mirror on respective opposite sides of the micro-mirror for supporting the 
micro-mirror in the membrane layer. The tethers of each micro-mirror define a pivot 
axis about which the micro-mirror is tiltable. After the membrane layer has been 
etched to form the micro-mirrors, the handle layer is then etched to form 
communicating openings to the respective micro-mirrors. The communicating 

20 openings are typically formed by through bores which extend throuigh the handle 
layer and the buried oxide layer. Typically, the through bores are of cross-sectional 
area greater than the area of the micro-mirrors, and typically, each through bore is of 
cross-sectional area similar to the area of the micro-mirror plus the width of the 
trenches on opposite sides of the micro-mirror. At an appropriate time one or both 

25 faces of the micro-mirrors are metallised for providing a reflective surface or surfaces 
on each micro-mirror. 

The actual etching of the trenches in the membrane layer to the buried oxide layer 
for defining the micro-mirrors and their tethers is a relatively straightfonA^ard 
30 procedure. However, once the trenches have been formed in the membrane layer, 
the portions of the buried oxide layer bridging the trenches are unsupported on the 
membrane layer side of the buried oxide layer. Additionally, during etching of the 
through bores through the handle layer, the buried oxide layer acts as an etch stop 


layer. Some of the through bores etch faster than others, due to variation of the etch 
rate across the semiconductor wafer, and thus, the portions of the buried oxide layer 
at the end of some of the through bores will be exposed to the through bore etch 
longer than others. The through bore etch has an etching effect on the portions of ^ 

5 the buried oxide layer exposed by the through bores, and those portions of the 
buried oxide layer which are subjected to the through bore etch for a relatively 
lengthy duration are etched to a relatively thin depth. Additionally, the through bore 
etch induces stresses in the portions of the buried oxide layer which are exposed by 
the through bores, and which have been subjected to the through bore etch for 

10 relatively lengthy durations. 

It has been found that the magnitude of the stresses increases as a function of the 
duration for which the portions of the buried oxide layer are subjected to the through 
bore etch and the amount by which the buried oxide layer has been thinned. It has 

15 been found that when the buried oxide layer has been thinned to a thickness of less 
than 200nm, it is no longer able to withstand the induced stresses, and the 
unsupported portions of the buried oxide layer commence to curt up at the periphery 
of the through bores, and thus rupture from the buried oxide layer which is buried 
between the membrane and handle layers. In other words, the portions of the buried 

20 oxide layer adjacent the peripheral edge of some of the through bores which are 
unsupported by virtue of the arcuate trenches having been formed in the membrane 
layer curl up into the through bore, thus rupturing from the remainder of the buried 
oxide layer. Since the tethers which are supporting the micro-mirrors are of 
relatively small transverse cross-section and are attached to the buried oxide layer, 

25 the curling up of the peripheral edges of the portions of the buried oxide layer can 
cause one or both of the tethers to curl up with the buried oxide layer. This, thus, 
causes the tether or tethers to rupture from the membrane layer, thus leaving the 
micro-mirror partly or wholly unsupported in the membrane layer. 

30 Even if the buried oxide layer does not curi up adjacent the periphery of the through 
bore, thus leaving the tethers intact, it has been found that the stresses induced in 
the portions of the buried oxide layer at the end of the through bores, which have 
been exposed to the through bore etch for a relatively lengthy duration, cause the 


oxide layer to bow. Since the micro-mirrors are relatively thin, in the range of Sjitm to 
10|im and are attached to the buried oxide layer, the bowing of the oxide layer 
causes similar bowing in the micro-mirrors. Such bowing leaves the micro-mirrors 
unsuitable for use. 

5 

The problem of rupturing of the tethers is particularly common In semiconductor 
wafers where the depth of the membrane layer is at the lower end of the range of 
3|im to 10|im, and in turn the micro-mirrors or other micro-mechanical components 
which are of similarly smalMhickness. Increasing the thickness of the buried oxide 

10 layer, while it may overcome the problem of rupturing of the unsupported bridging 
portions of the oxide layer, results in another problem. It has been found that the 
. stresses induced in portions of thicker buried oxide layers at the end of the through 
bores which have been exposed to the through bore etch for relatively lengthy 
durations are such as to cause bowing of the buried oxide layer at the end of the 

15 through bore. Since the micro-mirrors or other micro-mechanical components are 
attached to the buried oxide layer, bowing of the burled oxide layer causes bowing of 
the micro-mirrors or other micro-mechanical components, which in many eases 
leads to rupturing of the component, and where the component is a micro-mirror, the 
micro-mirror may rupture or one or both of its tethers may rupture. 

20 

' The problem of bowing of micro-mirrors resulting from bowing of the buried oxide 
layer also increases as the depth of the membrane layer, and thus the thickness of 
the micro-mirror or micro-mechanical component is reduced, and the thickness of 
the buried oxide layer is increased, since the thinner the micro-mirror or micro- 
25 mechanical component is, the more susceptible it is to bowing, resulting from bowing 
of the buried oxide layer. ^ 

There is therefore a need for a method for forming a micro-mirror and for forming 
other micro-mechanical components in a semiconductor wafer wherein the risk of 
30 rupturing or deforming of the micro-mechanical component or a part thereof is 
minimised. 
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The present invention is directed towards providing such a method, and the 
invention is also directed towards providing a semiconductor wafer comprising a 
micro-mechanical component formed therein. 

5 Summary of the Invention 

According to the invention there is provided a method for forming a micro- 
mechanical component in a semiconductor wafer comprising a membrane layer 
supported on a handle layer with a buried insulating layer disposed between the 
membrane layer and the handle layer, the micro-mechanical component being 

10 formed in the membrane layer, and a communicating opening extending through the 
handle layer and the buried insulating layer exposing the micro-mechanical 
component, the method comprising the steps of: 

forming at least one trench extending through the membrane layer for 
defining the micro-mechanical component therein, each trench exposing a portion of 

15 the buried insulating layer bridging the trench, 

applying a support layer to each bridging portion of the buried insulating 
layer, the support layer extending across each trench, and being applied to each 
bridging portion of the buried insulating layer prior to the bridging portion being 
exposed by the communicating opening through the handle layer for supporting the 

20 bridging portion for preventing rupturing of the buried insulating layer when the 

buried insulating layer is exposed by the communicating opening through the handle 
layer. 

In one embodiment of the invention the support layer is applied to each bridging 
25 portion of the buried insulating layer by back filling the corresponding trench formed 
in the membrane layer with material for forming the support layer. 

Preferably, the support layer is applied to the surface of the micro-mechanical 
component in a plane parallel to the plane of the exposed surface of the membrane 
30 layer for preventing bowing of the micro-mechanical component when the 

communicating opening has been formed in the handle layer, and prior to the buried 
insulating layer adjacent the micro-mechanical component exposed by the 
communicating opening being removed. Advantageously, the support layer is 
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applied to the entire exposed surface of the micro-mechanical component. 

In one embodiment of the invention the support layer is applied to the exposed 
surface of the membrane layer adjacent the micro-mechanical component. 
5 Preferably, the support layer is applied to the entire exposed surface of the 
membrane layer. 

In one embodiment of the invention the support layer is deposited. 

10 In another embodiment of the invention the support layer is an oxide layer. 

Advantageously, the depth of the oxide support layer is in the range of 0.4|jn to 
2|jn. Ideally, the depth of the oxide support layer is in the order of 1 |jm. 

Alternatively, the support layer is of photo-resist material, and preferably, when the 
15 support layer is of a photo-resist material, the depth of the support layer is in the 
range of 1|jn to 10|jn, and preferably, is in the order of 5|jn. 

In another alternative embodiment of the invention the support layer comprises a first 
support layer, and a second support layer applied over the first support layer. 
20 Preferably, the first support layer is an oxide layer, and preferably, the oxide of the 
first support layer is deposited. Preferably, the first support layer is of depth in the 
range of 0.4|jn to 1.5|jm. and advantageously, the first support layer is of depth in 
the order of 1ijn. 

25 In another embodiment of the invention the second support layer is a silicon based 
layer, and preferably, the second support layer is a deposited layer, and 
advantageously, the second support layer is a polysilicon layer. 

In one embodiment of the invention the second support layer of polysilicon is of 
30 depth in the range of 1 Mm to 10|jn, and preferably, the second support layer of 
polysilicon is of depth in the order of 4|jn. 

In one embodiment of the invention the second support layer comprises a silicon 

t 
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wafer bonded to the first support layer, and where the second support layer 
comprises a silicon wafer bonded to the first support layer, the second support layer 
while it is acting as a support layer is of depth in the range of 5\m to lOOijn, and 
preferably, the second support layer while it is acting as a support layer is of depth in 
5 the order of 20Mn. 

In one ennbodiment of the invention an access opening is etched through the second 
support layer for providing access to the micro-mechanical component through the 
second support layer, and the portion of the first support layer adjacent the micro- 
10 mechanical component is removed through the access opening. 

In another embodiment of the invention the portion of the buried insulating layer 
exposed by the communicating opening and the support layer are removed when the 
communicating opening has been formed in the handle layer. 

15 

Preferably, the portion of the buried insulating layer exposed by the communicating 
opening is removed before the support layer is removed. 

Advantageously, the support layer and the portion of the buried insulating layer 
20 exposed by the communicating opening are simultaneously removed. 

In one embodiment of the invention the micro-mechanical component is a micro- 
mirror supported in the membrane layer by a pair of tethers located on opposite 
sides of the micro-mirror for defining a pivot access about which the micro-mirror is 
25 tiltable. 

In one embodiment of the invention the depth of the membrane layer is in the range 
of2^Into30^m. 

30 In another emt)odiment of the invention the depth of the membrane layer is in the 
order of 3tjn. ' \. 

In a further embodiment of the invention the buried insulating layer is of depth in the 


range of 0.2|jn to Ijjn. 


In a still further embodiment of the invention the buried insulating layer is in the order 
of 0.4|jn. 

5 

The invention also provides a semiconductor wafer comprising: 
a handle layer, 

a membrane layer supported on the handle layer, 
a buried insulating layer disposed between the membrane layer and the 
10 handle layer, and 

a micro-mechanical component formed in the membrane layer and supported 

therein, the semiconductor wafer being formed according to the method of the 

invention. 

15 In one embodiment of the invention a communicating opening extends through the 
handle layer to the micro-mechanical component. 

Further the invention provides a semiconductor wafer comprising: 
a handle layer, 

20 a membrane layer supported on the handle layer, 

a buried insulating layer disposed between the membrane layer and the 
handle layer, 

a micro-mechanical component formed in the membrane layer by at least one 
trench extending through the membrane layer, and supported therein, and 

25 a communicating opening extending through the handle layer and the buried 

insulating layer to the micro-mechanical component, wherein 

prior to forming the communicating opening a support layer is applied to each 
bridging portion of the buried insulating layer, the support layer extending across 
each trench, and being applied to each bridging portion of the buried insulating layer 

30 prior to the bridging portion being exposed by the communicating opening through 
the handle layer for supporting the bridging portion for preventing rupturing of the 
buried insulating layer when the buried insulating layer is exposed by the 
communicating opening through the handle layer, the support layer being removed 
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subsequently. 

Advantages of the Invention 

The advantages of the invention are nnany. The method according to the invention 

5 minimises the rupturing of micro-mechanical components from the membrane layer, 
and in general, eliminates rupturing of micro-mechanical components from the 
membrane layer. Additionally, the method according to the invention minimises 
bowing of micro-mechanical components, and in general, eliminates bowing of 
micro-mechanical components. This is particularly advantageous when the micro- 

10 mechanical components are micro-mirrors. By virtue of the fact that the bridging 
portions of the buried insulating layer which bridge the trenches in the membrane 
layer are supported by the support layer prior to exposing the portion of the buried 
insulating layer by the communicating opening through the handle layer, the induced 
stresses in the portion of the buried insulating layer which are induced during etching 

15 of the communicating opening through the handle layer are counteracted by the 

support layer, thereby preventing rupturing of the micro-mechanical component, and 
in particular, preventing rupturing of the micro-mechanical component from the 
membrane layer. In other words, stresses induced in the portion of the buried 
insulating layer exposed by the communicating opening through the handle layer, 

20 which would othenA/ise cause the bridging portions of the buried insulating layer to 
rupture are counteracted by the supporting action of the support layer on the 
bridging portions of the buried insulating layer. Thus, once rupturing of the bridging 
portions of the buried insulating layer is avoided, rupturing of the micro-mechanical 
component, and in particular, rupturing of the micro-mechanical component from the 

25 membrane layer is similarly avoided; 

Additionally, the provision of the support layer on the exposed surfaces of the micro- 
mechanical component also acts to counteract the stresses induced in the portion of 
the buried insulating layer exposed by the communicating opening through the 
30 handle layer, thereby preventing bowing of the exposed portion of the buried 

insulating layer. Once bowing of the portion of the buried insulating layer exposed 
by the communicating opening through the handle layer adjacent the micro- 
mechanical component is avoided, bowing of the micro-mechanical component is . 
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similarly avoided. Indeed, a particularly important advantage is achieved by the 
method according to the invention when the micro-mechanical component is a 
micro-mirror. By preventing rupturing of the bridging portions of the buried insulating 
layer, rupturing of the tethers supporting the micro-mirror in the membrane layer is 
5 avoided. Similarly, by preventing bowing of the portion of the buried insulating layer 
exposed by the communicating opening through the handle layer which is adjacent 
the micro-mirror, bowing of the micro-mirror is likewise avoided. 

By virtue of the fact that rupturing and deforming of the micro-mechanical component 
10 are avoided, micro-mechanical components of smaller depth than heretofore can be 
fabricated, and accordingly, membrane layers in which the micro-mechanical 
components are to be formed can be of smaller depth than heretofore. Additionally, 
the provision of the support layer supporting the micro-mechanical component, and 
in particular supporting the bridging portions of the buried insulating layer, allows 
15 buried insulating layer of significantly greater ranges of depths to be used-, both 
greater and lesser depths than have been possible heretofore. 

As discussed above, it has been found that, in general, buried insulating layers of 
less than 200nm are unable to withstand stresses induced by the etching, and in 

20 particular over etching through the communicating openings, and rupturing of 

unsupported portions of the buried insulating layer takes place. Accordingly, in order 
to minimise rupturing and also bowing of the unsupported portions of the buried 
insulating layer, it has been necessary to provide such buried insulating layers to be 
of depth greater than 400nm. However, as discussed above, over etching of the 

25 communicating openings also induces stresses in the buried insulating layers of 
400nm and greater, which because of their depth relative to the depth of the 
membrane layer lead to bowing of the buried insulating layer, and in turn the micro- 
mechanical components. By supporting the buried insulating layer with the support 
layer where it bridges the trenches in accordance with the invention, buried 

30 insulating layers of lesser depth than have been possible heretofore can be used, as 
can buried insulating layers of greater depth than have been possible heretofore, 
can also be used. It has been found that by supporting the bridging portions of the 
buried insulating layer with the support layer according to the invention the depth of 


the buried insulating layer can be reduced to depths of the order of 200nm without 
rupturing of the bridging portions occurring. Furthermore, buried insulating layers of 
depth greater, and significantly greater than 400nm can be used when the exposed 
surface of the membrane layer, and in particular the exposed surface of the micro- 
5 mechanical component is supported by the support layer, since any tendency of the 
buried insulating layer to bow, and induce bowing stresses in the micro-mechanical 
component is counteracted by the support layer. 

The invention and its advantages will be more clearly understood from the following 
10 description of some preferred embodiments thereof, which are given by way of 
example only, with reference to the accompanying drawings, in which: 

Brief Description of the Drawings 

Fig. 1 is a top plan view of a portion of a semiconductor wafer according to 
15 the invention. 

Fig. 2 Is a transverse cross-sectional side elevational view of the portion of 
the semiconductor wafer of Fig. 1 on the line 11-11 of Fig. 1 , 

20 Fig. 3 is a view similar to Fig. 2 of the semiconductor wafer of Fig. 1 at one 

stage in its formation, 

Fig. 4 is a view similar to Fig. 2 of the semiconductor wafer of Fig. 1 at 
another stage in its formation, 

25 

Fig. 5 is a view similar to Fig. 2 of the semiconductor wafer of Fig. 1 at a 
further stage in its formation, 

Fig. 6 is a view similar to Fig. 2 of the semiconductor wafer of Fig. 1 at a still 
30 further stage in its formation, 


Fig. 7 is a view similar to Fig. 2 of a portion of a semiconductor wafer 
according to another embodiment of the invention, at a stage in its formation 
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similar to that of Fig. 4, 


Fig. 8 is a view similar to Fig. 2 of a portion of a semiconductor wafer 
according to another embodiment of the invention, at a stage in its formation 
5 similar to that of Fig. 4, 

/ Fig. 9 is a view similar to Fig. 2 of a portion of a semiconductor wafer 

according to another embodiment of the invention, at a stage in its formation 
similar to that of Fig. 4, and 

10 

Fig. 1 0 is a view similar to Fig. 2 of the semiconductor wafer of Fig. 9 at 
another stage in its formation. 

Detailed Description of the Invention 

15 Referring to the drawings and initially to Figs. 1 to 6, there is illustrated a portion of a 
semiconductor wafer according to the invention indicated generally by the reference 
numeral 1 which is formed by a method also according to the invention. The 
: drawings are not to scale and are provided solely for illustrating the principle of the 
invention. The semiconductor wafer 1 comprises a membrane layer 2 supported on 

20 a handle layer 3, and a micro-mechanical component, namely, a micro-mirror 5 
formed in the membrane layer 2. The membrane and handle layers 2 and 3, 
respectively are both of single crystal silicon. A buried insulating layer which in this 
embodiment of the invention is a buried oxide layer 6 is located between the ^ 
membrane layer 2 and the handle layer 3 for insulating the membrane and handle 

25 layers 2 and 3, respectively, from each other. The buried oxide layer 6 may be 

grown or deposited on either the membrane layer 2 or the handle layer 3. However, 
in this embodiment of the invention the buried oxide layer 6 is thermally grown on the 
handle layer 3 and is laminated to the membrane layer 2 by any suitable bonding 
process. Such bonding processes will be well known to those skilled in the art. An 

30 example of a suitable bonding process is direct wafer fusion bonding: 

Although the semiconductor wafer 1 is illustrated as comprising only one micro- 
mirror 5, the semiconductor wafer 1 comprises a plurality of micro-mirrors 5 arranged 
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in a matrix array of rows and columns of micro-mirrors. The semiconductor wafer 1 
may comprise any desired number of micro-mirrors 5, typically, arrays of micro- 
mirrors in which the arrays contain from as little as four micro-mirrors to two hundred 
and fifty-six mjcro-mirrors may be provided, although it will be readily apparent to 
5 those skilled in the art that larger arrays of micro-mirrors may be provided. The 
micro-mirrors 5 of an array typically are similar to each other, although they may be 
different. For convenience and for ease of description, only one of the micro-mirrors 
5 is illustrated and described. It will be appreciated that the other micro-mirrors will 
be simultaneously formed with the micro-mirror 5. 

10 

Each micro-mirror 5 is of circular shape, and is tiltably connected to the membrane 
layer 2 by two tethers 7 which extend radially from respective opposite side edges of 
the micro-mirror 5 at 180° intervals around the micro-mirror 5 to the membrane layer 
2. The tethers 7 pivotally connect the micro-mirrors 5 to the membrane layer 2, and 
15 define a pivot axis 8 about which the micro-mirror 5 is tiltable. In this embodiment of 
the invention the micro-mirrors 5 are of 500\m diameter at spacings centre to centre 
- ofSOOiJn. Thetethers7areoflengthLof approximately 100|jn, and areof 
relatively small transverse cross-sectional area and are of width w of 2|jn and of 
depth d similar to the thickness of the membrane layer 2. 

20 

In this embodiment of the invention the handle layer 3 is of depth of approximately 
350|jn, while the membrane layer 2 is of depth of approximately Spn, and thus, the 
: depth d of the tethers 7 and the depth or thickness of the micro-mirrors 5 is sirnilarly 
3|Lim, approximately. The buried oxide layer 6 is of depth of approximately 400nm. 

25 

A plurality of communicating openings provided by through bores 9, only one of 
which is illustrated, extend through the handle layer 3 and the oxide layer 6, one 
through bore 9 being provided to each micro-mirror 5 for providing access to the 
micro-mirror 5 and for facilitating tilting of the micro-mirror 5. The through bores 9 
30 are of circular transverse cross-section, and are of diameter equal to the diameter of 
the corresponding micro-mirror 5 plus the lengths of the two tethers 7. Electrodes 
(not shown) located on another silicon layer (also not shown) are provided adjacent 
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the through bores 9 for selectively tilting each micro-mirror 5, in response to an 
electrical signal on the corresponding electrode or electrodes, depending on the 
number of electrodes provided for each micro-mirror 5. The arrangement of such 
electrodes will be well known to those skilled in the art. 

5 

One or both surfaces of the micro-mirrors 5 may be metallised, depending on 
whether one or both surfaces of the micro-mirrors 5 are to be reflective. 

In the fabrication of the semiconductor wafer 1 by the method according to the 
10 invention, the lamination of the membrane layer 2 and the handle layer 3 with the 
buried oxide layer 6 is carried out in a conventional manner as will be well known to 
those skilled in the art. Typically, the handle layer 3 will be machined from a wafer of 
single crystal silicon, and will initially be of depth greater than 350|jn, and the 
membrane layer 2 will be machined from a wafer of single crystal silicon, and will be 
15 initially of depth significantly greater than 3\m, and may be of depth similar to that of 
the wafer from which the handle layer is formed. The oxide layer 6 is thermally 
grown on the handle layer 3 to a depth of approximately 400nm, and the membrane 
layer 2 is laminated to the oxide layer 6. After lamination, the membrane layer 2 and 
handle layer 3 are machined to the desired depths, in this case 3\sn for the 
20 membrane layer 2 and SSO^n for the handle layer 3. Although, if desired and 

appropriate, machining of the handle layer 3 may be deferred to a later stage of the 
processing of the semiconductor wafer 1 . 

A photo-resist layer 1 1 is then deposited on the exposed surface 12 of the 
25 rfiembrane layer 2. and is patterned to define the micro-mirrors 5, see Fig. 3. The 
semiconductor wafer 1 is then subjected to a suitable etch for etching trenches 14 
into the membrane layer 2 through the patterned photo-resist layer 1 1 to the buried 
oxide layer 6 for defining the micro-mirrors 5. The trenches 14 are of arcuate shape, 
and two trenches 14 define one micro-mirror 5. The buried oxide layer 6 forms an 
30 etch stop layer, and on completion of the trench etch, surfaces 15 of bridging 
portions 16 of the buried oxide layer 6 which bridge the trenches 14 are exposed 
through the trenches 14. Each pair of trenches 14 as well as defining one of the 
micro-mirrors 5 also defines the corresponding pair of tethers 7 for pivotally 
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connecting the micro-mirror 5 to tine membrane layer 2 and for defining tine pivot axis 
8 about wliich the micro-mirror 5 is tiltable. The photo-resist layer 1 1 is removed on 
completion of the etching of the trenches 14^to the buried oxide layer 6. 


5 In order to compensate for stresses which will subsequently be induced in portions 
19 of the buried oxide layer 6 adjacent the micro-mirrors 5 during etching of the 
through bores 9, and to prevent rupturing of the bridging portions 16 of the buried 
oxide layer 6, when the bridging portions 16 of the buried oxide layer 6 are 
unsupported by the handle layer 3, a support layer 20 In accordance with the 

10 invention is provided for supporting the buried oxide layer 6, the micro-mirrors 5 and 
their tethers 7. The portions 19 of the buried oxide layer 6 in which stresses are 
induced during etching of the through bores 9 are those portions of the buried oxide 
layer 6, which are exposed by the through bores 9. The support layer 20 is an oxide 
layer, and is deposited on the exposed surface 12 of the membrane layer 2, and is 

15 back filled into the trenches 14 prior to etching of the through bores 9, see^Fig. 4. 
The oxide support layer 20 in this embodiment of the invention is deposited by 
chemical vapour deposition over the entire surface 12 of the membrane layer 2, 
including the micro-mirrors 5 and the tethers 7. and is back filled into the trenches 
14. The oxide of the support layer 20 is deposited to a depth of approximately 1 |jn, 

20 over the exposed surface 12 of the membrane layer 2, which results in the trenches 
14 being back filled to a depth of approximately 900nm. Thus, the depth of the 
support layer 20 supporting the bridging portions 16 of the buried oxide layer 6 is 
approximately 900nm. Accordingly, in this embodiment of the Invention the support 
layer 20 is deposited to a depth of approximately twice the depth of the buried oxide 

25 layer. It has been fourid that this is sufficient for supporting the bridging portions 16 
of the buried oxide layer 6 against the stresses induced in the portions 19 thereof, 
and thereby prevents rupturing of the bridging portions 16 of the buried oxide layer 6. 
Additionally, by preventing rupturing of the buried oxide layer 6, consequential 
rupturing of the tethers 7 is likewise prevented. Depositing the support layer 2Q to a 

30 depth of approximately twice the depth of the buried oxide layer over the micro- 
mirrors 5 has also been found sufficient to compensate for the stresses induced in 
the portions 19 of the buried oxide layer 6, thereby preventing bowing of the portions 
19 of the buried oxide layer, and in turn preventing bowing of the micro-mirrors 5. 


After the support layer 20 has been deposited over the exposed surface 12 of the 
membrane layer 2, and has been adequately back filled into the trenches 14 to the 
appropriate depth, a photo-resist layer 21 is then deposited on the exposed surface 

.'5 22 of the handle layer 3, and is patterned to define the through bores 9. The through 
bores 9 are then etched down to the buried oxide layer 6. The buried oxide layer 6 
acts as an etch stop layer. However, since the etch rate of the through bores 9 
typically varies over the area of the semiconductor wafer 1 , some of the portions 19 
of the buried oxide layer 6 exposed by the through bores 9 are subjected to the 

10 through bore etch for longer periods than other exposed portions 19 of the buried 
oxide layer 6. The through bore etch commences to etch the exposed portions 19 of 
the buried oxide layer 6 and induces stresses in the exposed portions 19. The 
longer the exposed portions 19 of the buried oxide layer 6 are subjected to the 
through bore etch, the thinner the exposed portions 19 become, and also the greater 

15 the induced stresses will become. It is these stresses, which if the bridging portions 
16, the tethers 7 and the micro-mirrors 5 were not supported by the support layer 20, 
would cause the bridging portions 16. to curl up into the through bores 9, and thus 
rupture from the remainder of the buried oxide layer 6. This rupturing of the bridging 
portions 16 of the buried oxide layer 6 would in turn cause the tethers 7 to rupture 

20 with the bridging portions 16, since the bridging portions 16 are laminated to the 
tethers 7. However, the provision of the support layer 20 supporting the bridging 
portions 16 and the tethers 7 prevent such rupturing. Additionally, the stresses 
induced in the exposed portions 19 by the through bore etch, in the absence qf the 
support layer 20 on the exposed surface of the micro-mirrors 5 would cause the 

25 exposed portions 19 of the buried oxide layer 6 to bow into a dish shape. Since the 
exposed portions 19 are laminated to the micro-mirrors 5, the bowing of the exposed 
portions 19 would in turn induce stresses in the micro-mirrors 5. which would cause 
the micro-mirrors 5 to bow into corresponding dish shapes along with the exposed 
portions 19. However, the provision of the support layer 20 over the micro-mirrors 5 

30 supports the micro-mirrors 5 to a sufficient extent to counteract the stresses induced 
in the exposed portions 19 of the buried oxide layer 6, thus preventing bowing of the 
exposed portions 19 of the buried oxide layer 6 and the micro-mirrors 5. 
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Once the etching of the through bores 9 has been completed, the entire exposed 
portions 1 9 of the buried oxide layer 6 which are exposed by the through bores 9 
including the bridging portions 16 are removed by a suitable etch, typically a wet 
etch, and on removal of the exposed portions 19 of the buried oxide layer 6, the 

5 entire support layer 20 is removed by a suitable etch, typically, a wet etch also. If 
the handle layer 3 at this stage has not been machined to the desired depth of 
350|im, the handle layer 3 can be machined at this stage to the appropriate depth. 
Thereafter the semiconductor wafer is subjected to other appropriate processing 
steps as desired, and metallisation of one or both faces of the micro-mirrors 5 may 

10 be carried out at any suitable time during further processing of the semiconductor 
wafer 1 . 

By virtue of the fact that the bridging portions 16 of the buried oxide layer 6 bridging 
the trenches 14 are supported by the support layer 20, while the exposed portions 

15 19 of the buried oxide layer 6 are exposed by the through bores 9, and also by virtue 
of the fact that the support layer 20 supports the micro-mirrors 5 and the tethers 7, 
while the portions 19 of the buried oxide layer 6. are exposed by the through bores 9, 
any danger of the buried oxide layer 6 and the tethers 7 aipturing or the micro- 
mirrors 5 bowing as a result of stresses induced in the exposed portions 19 of the 

20 buried oxide layer 6 is avoided. This is because the support layer 20 supports the 
micro-mirrors 5, the tethers 7 and the bridging portions 16 of the buried oxide layer 
6, thereby compensating for the stresses induced in the exposed portions 19 of the 
buried oxide layer 6. / 

25 It has been found that with a buried oxide layer 6 of depth 400nm between the 
handle layer 3 and the membrane layer 2, a support layer formed by a deposited 
oxide support layer of 900nm to 1,000nm is adequate for supporting the bridging 
portions 16 of the buried oxide layer 6 as well as the tethers 7. It has also been 
found that this depth of an oxide support layer 20 is sufficient for preventing bowing 

30 of the micro-mirrors 5. In general, it is believed that where the support layer is 

provided as a chemically deposited oxide layer, the oxide layer should be deposited 
to a depth in the range of 0.5 to 2 times the depth of the buried oxide layer 6 
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between the handle layer 3 and the membrane layer 2. Typically, an oxide support 
layer 20 in the range of OA\m to 2\sn is suitable for buried oxide layers up to ^\sn. 

It has been demonstrated that with the above described array of 256 micro-mirrors of 
5 500|jn diameter and located at 800|jn apart centre to centre with a handle layer 3, a 
membrane layer 2, a buried oxide layer 6 and a support layer 20 of the type and 
dimensions described above bowing of the micro-mirrors was avoided, and none of 
the tethers 7 ruptured, nor was there any sign of rupturing of the portions of the 
buried oxide layer 6 exposed by the trenches 14. 

10 

Referring now to Fig. 7, there is illustrated a semiconductor wafer indicated generally 
by the reference numeral 30 also according to the invention in the process of being 
fabricated by a method according to another embodiment of the invention. The 
semiconductor wafer 30 is substantially similar to the semiconductor wafer 1 

15 described with reference to Figs. 1 to 6, and similar components are identified by the 
same reference numerals. The semiconductor wafer 30 when completed comprises 
an array of micro-mirrors 5 similar to those described with reference to the 
semiconductor wafer 1 formed in the membrane layer 2, which is supported on a 
handle layer 3 with a buried oxide layer 6 located between the membrane layer 2 

20 and the handle layer 3. For convenience only one micro-mirror 5 is illustrated. 

Through bores (not shown) similar to the through bores 9 of the semiconductor wafer 
1 are formed in the handle layer 3 for providing access to the respective micro- 
mirrors 5. Bridging portions 16 of the buried oxide layer 6, tethers (not shown) and 
the micro-mirrors 5 are supported by a support layer 31 prior to etching of the 

25 through bores 9, in similar fashion as the bridging portions 16 of the buried oxide 
layer 6, the tethers 7 and the micro-mirrors 5 of the semiconductor wafer 1 are 
likewise supported. However, in this embodiment of the invention the support layer 
31 is formed by depositing a photo-resist layer over the exposed surface 12 of the 
membrane layer 2, and the photo-resist material is back filled into the trenches 14 for 

30 forming the support layer 31 over the membrane layer 2, the micro-mirrors 5. the 
tethers 7 and the bridging portions 16 of the buried oxide layer 6. 


The buried oxide layer 6 is grown to a depth of 500nm on the handle layer 3 and the 
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membrane layer 2 is laminated to the buried oxide layer 6, as already described with 
reference to the semiconductor wafer of Figs. 1 to 6, The membrane layer 2 is then 
machined to a depth of approximately 10|j.m, and the handle layer 3 is machined to a 
depth of approximately 400|xm. "The trenches 14 for defining the micro-mirrors 5 and 

5 the tethers 7 are formed by etching in similar fashion as described with reference to 
the semiconductor wafer 1 . After the trenches 14 have been formed, the photo- 
resist material is then deposited over the exposed surface 1 2 of the membrane layer 
2, the micro-mirrors 5, the tethers 7 and the bridging portions 16 of the buried oxide 
layer for forming the support layer 31 . In this embodiment of the invention the 

10 support layer 31 is deposited to a depth of approximately 7|im on the exposed 

surface 12 of the membrane layer 2, and back filling of the photo-resist material into 
the trenches 14 causes the support layer 31 supporting the bridging portions 16 to 
be of depth of between 5|im to 10|jn. 

15 Additionally, during the deposition of the photo-resist material of the support layer 31 
the semiconductor wafer 30 is supported so that a photo-resist layer 21 is 
simultaneously deposited on the exposed surface 22 of the handle layer 3. After the 
photo-resist layer 21 has been deposited, the photo-resist layer 21 is patterned to 
define the through bores 9, and the through bores 9 are etched through the handle 

20 layer 3 to the buried oxide layer 6. The exposed portions 19 of the buried oxide 
layer 6 exposed by the through bores 9 are then etched by a suitable efchant, and 
the support layer 31 of photo-resist material and the photo-resist layer 21 are 
subsequently simultaneously removed by any suitable process: Otherwise 
fabrication of the semiconductor wafer 30 is similar to that of the semiconductor 

25 wafer 1 . 

In this embodiment of the invention the semiconductor wafer 30 comprises an eight 
by eight array of micro-mirrors 5. The micro-mirrors 5 are of 2mm diameter at 
spacings centre to centre of 2.5mm. A global wafer loading across the wafer of 30% 
30 was achieved, while a local loading of 50% was achieved. Global wafer loading is 
the percentage of the exposed silicon to be etched across the complete wafer. Local 
loading is the percentage of the exposed silicon in the actual device. 


19 


It has been found that with a buried oxide layer of "SOOnm between the handle layer 3 
and the membrane layer 2, a support layer formed of photo-resist material and 
deposited to a depth of 7|jn is adequate for supporting the bridging portions 1 6 of 
5 the oxide layer 6 as well as the tethers 7. In general, it is believed that where the 
support layer is provided as a deposited photo-resist layer, the support layer should 
be of depth in the range of 2 to 20 times the depth of the buried oxide layer 6 
between the handle layer 3 and the membrane layer 2. 

10 An advantage of providing the support layer as a photo-resist support layer is that it 
allows for prior metallisation of the micro-mirrors, since the deposition of the photo- 
resist support layer has no adverse effect on the metallisation layer on the micro- 
mirrors. Additionally, the exposed portions 19 of the buried oxide layer 6 exposed by 
the through bores 9 are readily easily removed prior to removal of the support layer 

15 of photo-resist material which is ashed after the exposed portions 19 of the buried 
oxide layer 6 have been removed. Additionally, the photo-resist material of the 
' support layer acts as a glue-like layer during the wet oxide etch removal of the 
exposed portions 1 9 of the buried oxide layer 6, thereby effectively supporting the 
exposed portions 1 9 of the buried oxide layer 6 until the last of the exposed portions 

20 have been etched away. The photo-resist support layer is then subsequently 
stripped by oxygen plasma for ashing thereof. 

However, a slight disadvantage of the use of a photo-resist support layer is that in 
general, it is not possible to reduce the depth of the membrane layer to the same 
25 extent as can be achieved when the support layer comprises an oxide layer without 
the risk of rupturing the tethers of the micro-min^ors, since the inherent strength of a 
photo-resist support layer is less than the inherent strength of an oxide support layer. 

A further advantage of providing the support layer of photo-resist material is that the 
30 photo-resist material can be removed by a dry release process; there are no stiction 
problems with the dry release of photo-resist, while a wet etch is required to remove 
the oxide support layers already described in order to avoid stiction problems. 
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Referring now to Fig. 8, an alternative method according to the invention for 
supporting the bridging portions 16 of the buried oxide layer 6, the micro-mirrors 5 
and the tethers (not shown) for preventing rupturing of the bridging portions 16. and 
in turn, the tethers. (not shown), and for preventing bowing of the micro-mirrors 5 will 

5 now be described with reference to a partly formed semiconductor wafer 40. The 
semiconductor wafer 40 is substantially similar to the semiconductor wafer 1 
described with reference to Figs 1 to 6, and similar components are identified by the 
same reference numerals. The micro-mirrors 5, only one of which is illustrated, are 
formed in the membrane layer 2 in similar fashion as the micro-mirrors 5 are formed 

10 in the membrane layer 2 of the semiconductor wafer 1 . 

In this embodiment of the invention the depth of the handle layer 3 is 350|jn, the 
depth of the membrane layer 2 is 3[jn and the depth of the buried oxide layer 6 is 
500nm. The semiconductor wafer 40 comprises a matrix array of 1 ,024 micro- 
15 mirrors 5 arranged in columns of thirty-two micro-mirrors 5 and rows of thirty-two 
micro-mirrors 5. The micro-mirrors 5 are of 1 .OOO^n diameter at spacings centre to 
. centre of 1,300|jn. 

After the micro-mirrors 5 have been formed and the photo-resist layer (not shown) 
20 has been removed from the exposed surface 12 of the membrane layer 2, and prior 
to etching of the through bores 9 as described with reference to the semiconductor 
wafer 1 of Figs. 1 to 6, a support layer 41 is provided on the exposed surface 12 of 
the membrane layer 2, including the exposed surfaces of the micro-mirrors 5. the 
tethers (not shown) and the bridging portions 16 of the buried oxide layer 6 for 
25 supporting the bridging portions 16 of the buried oxide layer 6, the micro-mirrors 5 
and the tethers (not shown). In this embodiment of the invention the support layer 
41 comprises a first support layer 42 of oxide deposited by a TEOS deposition 
process, and a second support layer 43, which in this case is a silicon based support 
layer 43, namely, a deposited polysilicon layer. 

30 

The first support layer 42 of oxide is deposited over the exposed surface 12 of the 
membrane layer 2 including the micro-mirrors 5, and the tethers (not shown) and is 
back filled into the trenches 14. and is deposited to a depth similar to the depth of 


the buried oxide layer 6, namely, 500nm, approximately, in order to balance the 
stresses in the buried oxide layer 6. The second support layer 43 of polysilicon is 
deposited by a chemical vapour deposition process on top of the first support layer 
42 to a depth of 2\ir\ to 8|jn and completely fills the remainder of the trenches 14. 

5 

Once the first and second support layers 42 and 43 have been deposited, the photo- 
resist layer 21 is deposited on the exposed surface 22 of the handle layer 3, and is 
patterned as already described with reference to the semiconductor wafer 1 of Figs. 
1 to 6. The through bores (not shown) are etched through the handle layer 3 to the 
10 buried oxide layer 6. The first and second support layers 42 and 43 support the 
bridging portions 16 of the buried oxide layer 6 against rupturing, and also support 
the tethers (not shown) against rupturing. The first and second support layers 42 
and 43 also support the micro-mirrors 5 to prevent bowing thereof until the exposed 
portions (not shown) of the buried oxide layer 6 exposed by the through bores (not 
/ 1 5 shown) have been removed. After etching of the exposed portions of the buried 
oxide layer 6 the second support layer 43 is removed by a plasmaless highly 
selective XeF2 silicon release process, and the first support layer 42 is then 
removed by a suitable etch, by either an aqueous or an anhydrous HP technique. 

20 Otherwise the fabrication of the semiconductor wafer 40 is similar to that of the 
semiconductor wafer 1 described with reference to Figs. 1 to 6. 

It has been found that with a buried oxide layer of depth 500nm between the handle 
layer 3 and the membrane layer 2, the provision of the first support layer 42 as a 

25 deposited oxide layer to a depth of 500nm, and the second support layer 43 as a 
deposition polysilicon layer to a depth of 6^n is adequate for supporting the bridging 
portions 16 of the buried oxide layer 6 as well as the tethers (not shown) for 
preventing rupturing thereof. It has also been found that the provision of the first and 
second support layers 42 and 43 as just described is sufficient for preventing bowing 

30 of the micro-mirrors 5. In general, it is believed that where the first support layer is of 
oxide deposited by a TEGS deposition process, the first support layer should be 
deposited to a depth in the range of 0.5 to 2 times the depth of the buried oxide layer 
6 between the handle layer 3 and the membrane.layer 2. Additionally; it is believed 


that where the second support layer is of polysilicon deposited by chemical vapour 
deposition, the second support layer should be deposited to a depth in the range of 
2^m to lOim, that is provided that a first support layer is an oxide layer deposited to 
a depth in the range of 0.5 to 2 times the depth of the buried oxide layer 6. 

5 

Referring now to Figs. 9 and 10, there is illustrated a semiconductor wafer according 
to another embodiment of the invention indicated generally by the reference numeral 
50. The semiconductor wafer 50 is substantially similar to the semiconductor wafer 
1 described with reference to Figs. 1 to 6, and similar components are identified by 

10 the same reference numerals. The semiconductor wafer 50 comprises a membrane 
layer 2, which is machined to a depth of 3|jn supported on a handle layer 3 with a 
buried oxide layer 6 of 1 |jn located between the membrane layer 2 and the handle 
layer 3. The handle layer 3 is approximately 350^Jn. A plurality of micro-mirrors 5 
are supported in the membrane layer 2 by tethers (not shown) in similar fashion as 

15 the micro-mirrors are supported in the membrane layer 2 of the semiconductor wafer 
1 . For convenience only one micro-mirror 5 is illustrated. 

The formation of the trenches 14 for defining the micro-mirrors 5 and the tethers (not 
shown) of the semiconductor wafer 50 is similar to that already described with 

20 reference to the semiconductor wafer 1 . When the trenches 14 have been formed 
and the photo-resist layer removed from the exposed surface 1 2 of the membrane 
layer 2, prior to the etching of the through bores 9 a support layer 51 is provided over 
the exposed surface 12 of the membrane layer 2, the micro-mirrors 5, the tethers 
(not shown) and the bridging portions 16 of the buried oxide layer 6 for supporting 

25 the micro-mirrors 5, the tethers (not shown) and the bridging portions 16. 

In this embodiment of the invention the support layer 51 comprises two layers, 
namely, a first support layer 52 of oxide which subsequently becomes a buried oxide 
layer and a second support layer 53 comprising a silicon wafer of single crystal 
30 silicon. The first support layer 52 of oxide is deposited to a depth of approximately 
1|xm by a TEOS deposition process on the membrane layer 2, the micro-mirrors 5 
and the tethers (not shown), and is back filled into the trenches 14 to a depth of 
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approximately 1 [in. The silicon wafer of the second support layer 53 which is of a 
suitable depth for handling, typically lOOjin, is laminated to the first support layer 52 
by fusion bonding. After lamination of the silicon wafer of the second support layer 
53 to the oxide of the first support layer 52 by a suitable fusion bonding process, the 
5 silicon wafer of the second support layer 53 is machined to a depth of approximately 
20^Jn. 

The photo-resist layer 21 is then deposited on the exposed surface 22 of the handle 
layer 3, and patterned, and the through bores 9 through the handle layer 3 are 

10 etched through to the buried oxide layer 6. A photo-resist layer 54 is deposited on 
an exposed surface 55 of the second support layer 53, and is patterned to define 
access openings 57 of circular transverse cross-section, which are subsequently 
etched through the second support layer 53 to the first support layer 52. The photo- 
resist layer 54 is patterned so that the access openings 57 are aligned with the 

15 micro-mirrors 5 and the through bores 9. The access openings 57 are of similar 
diameter to the diameter of the through bores 9. The through bores 9 and the 
access openings 57 may be etched in any order, although it is preferable that the . 
through bores 9 should be etched before the access openings 57 are etched. Once 
the through bores 9 and the access openings 57 have been etched, the exposed 

20 portions 19 of the buried oxide layer 6 and portions 59 of the first support layer 52 
exposed by the access openings 57 are simultaneously removed by etching through 
the through bores 9 and the access openings 57 by a suitable etching process, such 
as an aqueous or an anhydrous HF etch. 

25 As well as exposing the portions 59 of the first support layer 52 adjacent the micro- 
mirrors 5, the trenches 14 and the tethers (not shown), the access openings 57 also 
provide direct access to the micro-mirrors 5 when the portions 59 of the first support 
layer 52 have been removed. Accordingly, in this embodiment of the invention the 
second support layer 53 forms a part of the semiconductor wafer 50, and the second 

30 support layer 53 is insulated from the membrane layer 2 by the remaining portions of 
the first support layer 52, which becomes a buried oxide layer between the 
membrane layer 2 and the second support layer 53. The micro-mirrors 5 are 
accessible through both the access openings 57 in the second support layer 53 and 


the through bores 9 in the handle layer 3. 

Thereafter fabrication of the semiconductor wafer 50 is similar to that described with 
reference to the semiconductor wafer 1 of Figs, 1 to 6, with the addition that, if 

5 desired, electrically conductive tracks and electronic components may be fabricated 
in the second support layer 53, and via connections may be made to the membrane 
layer 2 through the second support layer 53. Additionally, it will of course be 
appreciated that prior to depositing of the first support layer 52 electrically conductive 
tracks and electronic components could be fabricated in the membrane layer 2, 

10 which could be connected to those components fabricated in the second support 
layer 53 through via connections therethrough. 

The second support layer 53 also acts as^a wind break for shielding the respective 
micro-mirrors 5 from displaced air which is displaced by an adjacent micro-mirror 5 
15 being tilted. Such displaced air could otherwise interfere with the steady state 
mechanical positioning of adjacent micro-mirrors 5. 

If not subsequently required, the second support layer 53 may be removed by 
etching, for example, by a XeF2 technique. 

20- 

In this embodiment of the invention the semiconductor wafer 1 comprises a matrix 
array of 1 ,600 micro-mirrors 5 arranged in columns of 40 micro-mirrors 5 and rows of 
40 micro-mirrors 5. The micro-mirrors 5 are of 2,000fjm diameter at spacings centre 
to centre of 2,200|jn. Although the silicon wafer of the second support layer has 

25 been described as being machined to a depth of 20ijn, it may be machined to a 
depth in the range of 10|jn to 200ijm. Although it is preferable that while acting as a 
support layer it is desirable that the depth of the silicon wafer of the second support 
layer should be of depth not less than 20|Lim. The second support layer can be 
machined to any desired lesser depth once the exposed portions 19 of the buried 

30 oxide layer have been removed. 

It has been found that with a buried oxide layer of 1 \rr\ between the handle layer 3 
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and the membrane layer 2, a first support layer of oxide, deposited to a depth of 1 |jn, 
with the addition of the second support layer provided by a silicon wafer is adequate 
for supporting the bridging portions 16 of the oxide layer 6 as well as the tethers 7, 
for preventing rupturing of the bridging portion 16 and the tethers. It has also been 

5 found that this depth of a first support layer of oxide further supported by a second 
silicon wafer support layer is sufficient for preventing bowing of the micro-mirrors 5. 
In general, it is believed that where the first oxide support layer is provided as a 
TEOS deposited oxide layer, the oxide layer should be deposited to a depth in the 
range of 0.5 to 2 times the depth of the buried oxide layer 6 between the handle 

10 layer 3 and the membrane layer 2, and the second silicon wafer support layer should 
be of depth in the range of 5|jn to 100|jn, and may be of depth up to 200jjn. 

The advantages of supporting the bridging portions 16 of the buried oxide layer 6 
. exposed by the trenches 14 and the micro-mirrors 5 and the tethers 7 according to 

15 the method of the invention described with reference to the semiconductor wafer 50 
are many. The depths of the respective buried oxide layers, namely, the buried 
oxide layer 6 and the first oxide support layer 52 can bp optimised, and furthermore, 
can be completely balanced and matched to balance the membrane stresses on 
respective opposite sides of the micro-mirrors 5. Additionally, the second silicon 

20 wafer support layer 53 can be selectively etched to form the access openings 57 to 
the micro-mirrors 5, and thus create a windbreak between adjacent micro-mirrors of 
the array of micro-mirrors. Electronic components and electrically conductive tracks 
can be fabricated on the second silicon wafer support layer and via connections 
through the silicon support layer to the membrane layer can similarly be fabricated. 

25 Further, the membrane layer does not come in contact with any equipment which 
would be used in the DRIE process, for example, a platen, a chuck or a handler of 
the DRIE process. 

A particularly important advantage of the invention is that by supporting the bridging 
30 portions 16 of the buried oxide layer 6, and by supporting the micro-mirrors 5 and the 
tethers 7 by one or more support layers as already described, it is possible to utilise 
RIB lag, with narrower features which etch slower than wider features, to etch deep 
tracks into the handle layer which can be used subsequently for dicing the 


semiconductor wafer into individual dies. 

A further advantage of the invention is that the support layers, be they oxide layers, 
photo-resist layers, silicon based layers, silicon wafer layers or a combination of 

5 some or all of these layers, compensate for the stresses induced in the buried oxide 
layer 6 during etching of the through bores 9 through the handle layer 3, and thus 
prevent rupturing or bowing of the micro-mirrors 5. Additionally, the provision of the 
support layer or layers as oxide layers permits the depth of the buried oxide layer 6 
. between the handle layer 3 and the membrane layer 2 to be increased. Additionally, 

10 by virtue of the fact that the micro-mirrors 5 are supported against the stresses 
induced by the buried oxide layer 6 thinner membrane layers can be used, thus 
resulting in thinner micro-mirrors or other miero-mechanical components which 
permits a reduction of the voltages and power necessary to tilt the micro-mirrors or 
to otherwise operate the micro-mechanical devices. 

15 

^ However, when the support layer comprises an oxide layer deposited by a TEOS 
deposition process, since TEOS deposition processes require processing 
tempei^atures in excess of 300°C, and since metallisation cannot withstand 
temperatures in excess of 300°C, the TEOS deposition process for depositing the 

20 support layer is unsuitable in semiconductor wafers where the micro-mirrors 5 must 
be metallised on the face onto which the support layer is to be deposited prior to 
deposition of the support layer. In such cases metallisation must deferred to a later 
stage in the process. Another disadvantage of deposition of the support layer by the 
TEOS deposition process is that a wet release is required for removing the 

25 deposited support layer. 

It has been found that the use of the combination of an oxide support layer and a 
polysilicon support layer enhances the mechanical strength imparted by the support 
layers for supporting the bridging portions of the buried oxide layer, the micro-mirrors 
30 and the tethers, and furthermore, allows larger arrays of micro-mirrors or other 
micro-mechanical components to be fabricated. So far, semiconductor wafers with 
arrays of eight to greater than one thousand micro-mirrors arranged in rows of one to 
forty micro-mirrors and columns of eight to forty micro-mirrors with the micro-mirrors 
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; being of 500|jn to 2,000|jn in diameter arranged at spacings of 700|jn to 3,000|jn 
centre to centre have been fabricated successfully by the method according to the 
invention. 

5 While the silicon wafer of the second support layer 53 has been described as being 
laminated to the oxide layer of the first support layer by fusion bonding, and has 
been described as subsequently forming an integral part of the semiconductor wafer 
50, it is envisaged that the silicon wafer of the second support layer may be bonded 
to the first support layer temporarily by a suitable temporary bonding process, and 

10 would be removed subsequently. Since in such a case the silicon wafer of the 

second support layer would only be required for temporarily acting as a support, it is 
envisaged that in general, the silicon wafer of the second support layer would not 
require patterning, and the etching of the access openings therethrough, and would 
thus be removed after the exposed portions of the buried oxide layer exposed by the 

15 through bores 9 had been removed. Once the silicon wafer of the second support 
layer had been removed, the first support layer would then be removed. 

While the oxide of the support layers has been described as being deposited by 
chemical vapour deposition processes and by a TEOS deposition process, any 

20 suitable deposition process for depositing the oxide of the support layers may be 
used. It will also be appreciated that the oxide support layers instead of being 
deposited, may be grown by any suitable growing process, for example, a thermal 
growing process. Needless to say, the buried oxide layer 6 may be deposited or 
grown, and may be deposited or grown on either the membrane layer or the handle 

25 layer, and then bonded to the other of the membrane layer and the handle layer. 

While the exposed portions of the buried oxide layer 6 have been described as being 
removed before the support layer or the first support layer, it is envisaged that in 
certain cases where convenient the support layer or the first support layer, as the 
30 case may be, may be removed simultaneously with the exposed portions of the 
buried oxide layer 6. This would be particulariy so where the support layer or the 
first support layer, as the case may be, is an oxide layer. 
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While the micro-mechanical components have been described as being micro- 
mirrors in the embodiments of the invention described with reference to the 
drawings, the method according to the invention may be used in conjunction with 
any other type of micro-mechanical components formed in a semiconductor wafer. 

5 

While the support layers have been described as being of oxide, photo-resist, or 
polysilicon wafer, the support layers may be of any other suitable material capable of 
providing the support required. 

10 It is also envisaged that where the second support layer is provided as a polysilicon 
layer, the polysilicon layer could subsequently form part of the semiconductor wafer, 
and in which case, it is envisaged. that access openings would be provided through 
the polysilicon layer to the micro-mechanical components, although in certain cases, 
such access openings may not be required. 

15 

While membrane layers of specific thickness have been described, it is envisaged 
that the membrane layers may be of any depth in the range of 2\n\ to 30\n\, and in 
certain cases, may be even up to 50ijm. 

20 While in the embodiments of the invention described the buried oxide layer may be 
formed on the membrane layer or the handle layer, and then bonded to the other of 
the two layers, in certain cases, it is envisaged that the buried oxide layer may be 
formed on both the membrane layer and the handle layer, and the respeictive oxide 
layers would then be bonded together to form the buried oxide layer. 

25 
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